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) Colour field emission display. 

) A field emission display comprises a screen (10) divided into a plurality of pixels. Each pixel has a 
plurality of subpixels (130,140,150) of different phosphor efficacies. A matrix of field emission cathodes 
(80) is directed towards corresponding pixels of the screen (10). Each cathode has a plurality of arrays 
(81,82,83) of field emissive tips directed towards corresponding subpixels (130,140,150). The arrays of 
each cathode (80) comprise different densities of field emission tips to compensate for the differences in 
the phosphor efficacies of the corresponding subpixels (130,140,150). This advantageously permits 
tracking between the primary colour components of a gray scale displayed image to be maintained used 
the same algorithm to translate into voltages for driving the arrays. 

Therefore, the Colour Point or White Point of the display can be maintained between extremes of gray 
scale using the same algorithm. Because the separate algorithms are not required for translating the 
video signals into gate voltages, the row driver circuitry can be greatly simplified. 
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The present invention relates to colour field emis- 
sion displays in which emissive tip density is deter- 
mined as a function of sub pixel phosphor efficacy. 

US Patent 4,857,799 describes an example of 
conventional colour field emission display. Such dis- 
plays typically comprise a cathodoluminescent 
screen overlying and spaced from a two dimensional 
matrix of field emission cathodes. US Patents 
3,789,471 , 3,665,241, and 3,775,704 describe exam- 
ples of, and methods of producing such cathodes. 
Each cathode comprises three arrays of field emis- 
sive tips. Trie arrays each comprise substantially the 
same number of tips (typically 1000). The screen is 
divided into a plurality of pixels. Each pixel is divided 
into three sub pixels. Each subpixel is formed by a 
phosphor corresponding to a different one of the 
three primary colours, Red, Green and Blue. Each ar- 
ray of a cathode faces a different subpixel of a corre- 
sponding pixel. The arrays are individual addressable 
via row and column conductors. 

In operation, voltages determined by red, green 
and blue input video signals are sequentially applied 
to the row and column conductors to address each 
cathode in turn in a raster fashion. The voltages inter- 
act to generate a localised high electric field at each 
tip. The localised electric fields drag electrons from 
the tips. The electrons are collectively accelerated to- 
wards the phosphors by an electric field generated 
between the screen and the cathode matrix. The 
phosphors are excited by incident electrons to display 
an image as a function of the input video signals. 

The three phosphors corresponding to each 
cathode in general have different Quantum Yields or 
Efficacies (typically 1.5 Inrvw for red, 0.5 Im/w for 
green, and 4.0 Im/w for blue). Conventionaly, there- 
fore, the video signals each translated by separate al- 
gorithms into the voltages addressed to the arrays to 
maintain tracking between the primary colour compo- 
nents of a grayscale displayed image. In other words, 
the separate algorithms maintain the "Colour point" 
or "White point" of the image between extremes of the 
gray scale. This requirement leads to complex drive 
circuitry for addressing the voltages to the row and 
column conductors. 

In accordance with the present invention, there is 
now provided a field emission display comprising: a 
screen divided into a plurality of pixels each having a 
plurality of subpixels of different phosphor efficacies; 
a matrix of field emission cathodes directed towards 
corresponding pixels of the screen and each cathode 
having a plurality of arrays of field emissive tips di- 
rected towards corresponding subpixels; character- 
ised in that the arrays of each cathode comprise de- 
ferent densities of field emission tips to compensate 
the different phosphor efficacies of the correspond- 
ing subpixels. 

The present invention stems from a realisation 
that the different efficacies of the phosphors can be 



compensated by allocating different tip dens lies to 
the arrays, with the arrays having higher tip densities 
directed towards the subpixels of lower phosphor ef- 
ficacies, and the arrays having lower tip densities be- 
5 ing directed towards the subpixels of higher phosphor 
efficacies. 

This advantageously permits tracking between 
the primary colour components of a gray scale dis- 
played image to be maintained used the same al go- 
to rithm to translate into voltages for driving the arrays. 
Therefore, the Colour Point or White Point of the dis- 
play can be maintained between extremes of gray 
scale using the same algorithm. Because the sepa- 
rate algorithms are not required for translating thevid- 
15 eo signals into gate voltages, the row driver circuitry 
can be greatly simplified. 

In a preferred embodiment of the present inven- 
tion, each cathode comprises three arrays respec- 
tively directed towards red, green and blue subpixels, 
20 the array wit h the highest density of tips being direct- 
ed towards the Green phosphor because it has the 
lowest efficacy, the array with the lowest density of 
tips being directed towards the Blue phosphor with 
the highest efficacy, and the array with the inter- 
25 mediate density of tips being directed towards the red 
phosphor with the intermediate efficacy. 

A preferred example of the present invention will 
now be described, by way of example only, with ref- 
erence to the accompanying drawings in which: 
30 Figure 1 is crc^ sectional view of a field emission 
display of the present invention; 
Figure 2 is a block d iagram of a field emission dis- 
play of a field emission display of the present in- 
vention; and 

35 Figure3teaskleviewofapUelofaf»elderr«ssion 
display of the present invention. 
Referring first to Figure 1, a colour field emission 
display of the present invention comprises a transpar- 
ent screen 10 superimposed and spaced from a non 

40 conductive back plate 20 of Si icon Dioxide for exam- 
ple. The surface of the screen 10 facing the back 
plate 20 carries a transparent conductive layer 70 of 
Indium Tin Oxide for example. A matrix of cathodes 80 
is provided on the surface of the back plate 20 facing 

45 the face plate 10. Each cathode 80 comprises three 
arrays 81,82,83 of field emitter tips 81,82,83 of Mo- 
lybdenum for example. The arrays each occupy sub- 
stantially equal areas. Each array corresponds to dif- 
ferent one of the three primary colours, Red, Green, 

50 and Blue. The tips are about 1.4um in diameter at a 
spacing of around Sura The area of each array is typ- 
ically 1250 square urn. 

The arrays 81,82,83 are provided with a conduc- 
tive base 30 of Amorphous Siicon for example ex- 

55 tending through the back plate 20. The bases 30 of 
the cathodes in each column of the matrix are inter- 
connected by a conductive strip or column conductor 
40 of Niobium for example. The tips project towards 
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the face plate 10 from pits formed in an insulator layer 
50 of Silicon Dioxide for example. A conductive gate 
layer 120, of Niobium for example, is carried on the 
surface of the insulator layer 50 facing the face plate 
10. The gate layer is divided to form three gates per 
cathode 80, one for each of the arrays 81 ,82,83. The 
gates of the arrays 81,82,83 along each row of the 
matrix array are interconnected to form conductive 
strips or row conductors 90,100,110. Each array 
81 ,82,83 of each cathode 80 of the display therefore 
can be addressed by orthogonal address lines in the 
form of the column conductor 40 connected to the 
base 30 of the cathode 80 and the row conductor 
90,100,110 perforated by the pits in which the tips of 
the array 81,82,83 are located. 

Phosphor strips 130,140,150 corresponding to 
the three primary colours R.G and B are provided on 
the conductive layer 70. Each one of the strips 
130,140,150 races a different one of the arrays 
81,82,83. The space between the screen 10 and the 
back plate 20 is evacuated. Therefore, spacers 60 are 
provided between screen 10 and the back plate 20 to 
prevent distortion of the space. The spacers 60 main- 
tain a distance of typically 200um between the back 
plate 20 and the screen 10. 

The back plate 20, conductors 40,120 and insu- 
lator layer 50 can be fabricated by conventional pho- 
tolithography in combination with conventional proc- 
esses such as planar diffusion, electrochemical etch- 
ing, chemical vapour deposition or the lice. The pits 
in which the tips are located can be ion etched into the 
insulator layer 50. The tips themselves can be fabri- 
cated by a combination of Electron Beam Evaporation 
and electrochemical etching. To mechanically 
strengthen the display, the backdate 20 may be fab- 
ricated on a glass substrate. 

Referring now to Figure 2, the conductive coating 
70 is connected to an anode voltage generator 200, 
the column conductors are connected to a column 
driver 210, and the row conductors are connected to 
a row driver 220. In operation, the anode voltage gen- 
erator 200 applies an anode voltage of around 400V 
to the conductive layer 70 hereinafter referred to as 
the anode 70. The column driver 210 applies a drive 
voltage of around -30V to the row conductors 
90,100,110. The drive voltage is transmitted to the 
tips in the arrays 81,82,83 via the bases 30. The row 
driver 220 applies a bias voltage of typically 50V to 
the row conductors 90,100,110 forming the gates. 
The voltages on the row and column conductors co- 
operate in generating localised high electric fields to 
drag electrons form each tip. The electrons are collec- 
tively accelerated towards the phosphors 
1 30,140,1 50 by the high electric field produced at the 
anode 70. Each tip emits electrons in typically a thirty 
degree cone diverging towards the phosphors 
1 30,140,1 50. The total electron beam current from an 
array comprising, for example, 1000 tips is around 



100uA. The phosphors 130,140,150 are excited by 
the incident electrons to generate the displayed im- 
age. Each cathode 80 corresponds a pixel of the dis- 
played image. Each array of the cathode corre- 

5 sponds to one of the Red, Green and Blue subpixels 
of each pixel of the displayed image. 

The row and column conductors are typically 
scanned by the drivers 210,220 to sequentially ad- 
dress drive and bias voltages to the arrays 81 ,82,83 

10 of each cathode 80 in a raster fashion. The drivers 
210,220 can be conventional liquid crystal display or 
plasma panel address drivers for example. The drive 
voltage on each cathode is maintained constant but 
the three gate voltages per cathode are varied as 

15 functions of Red, Green and Blue video signals re- 
spectively to produce the displayed image. 

The Quantum Yield or Efficacy of the phosphors 
varies with colour. Typically, the Red, Green and Blue 
phosphors have Efficacies of 1.5, 0.5, and 4.0 InVw 

20 respectively. 

Referring to Figure 3, in accordance with the 
present invention, the densities N1 ,N2,N3 of the tips 
in the three arrays of each cathode are set to com- 
pensate for the different efficacies of the phosphors. 

25 Specifically, the array with the highest density erf tips 
N2 is directed towards the Green phosphor because 
it has the lowest efficacy. Correspondingly, the array 
with the lowest density of tips is directed towards the 
Blue phosphor with the highest efficacy. The array 

30 with the intermediate density of tips is directed to- 
wards the red phosphor with the intermediate effica- 
cy. Because the different efficacies of the phosphors 
are compensated by the different tip densities, track- 
ing between the primary colour components of a gray 

35 scale displayed image can be maintained used the 
same algorithm to translate red, green and blue video 
signals into the gate voltages addressed to the ar- 
rays. Therefore, the Colour Point or White Point of the 
display can be maintained between extremes of gray 

40 scale using the same algorithm. Because the sepa- 
rate algorithms are not required for translating t he vid- 
eo signals into gate voltages, the row driver circuitry 
can be greatly simplified. 

The tip densities of the arrays are determined 

45 during the photolithography stage of the fabrication 
process by apertures in a photomask. Therefore, the 
colour point of a display of the present invention can 
conveniently be determined during the photolithogra- 
phy stage. Consequently, once the mask has been 

50 designed, back plates for displays of the present in- 
vention can be manufactured at no more than the cost 
per unit of conventional field emission displays. 

In the preferred embodiment of the present in- 
vention hereinbefore described, each cathode 80 

55 comprises a single base 30 and three separate gates 
81,82,83 for receiving gate voltages modulated by 
red, green and blue video signals respectively. It w8l 
however be appreciated that the present invention is 
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equally applicable to field emission displays in which 
each cathode 80 has a single gate and three indepen- 
dent bases for receiving base voltages modulated by 
red, green and blue video signals. Furthermore, it will 
be appreciated that the present invention is equally 5 
applicable to field emission displays of the switched 
anode type in which the anode 70 is divided into three 
individauily addressable sections corresponding to 
the three subpixels of each pixel and the anode vol- 
tages applied to the three section are switched by the 10 
red, green, and blue video signals. 



Claims 

15 

1. Afield emission display comprising: a screen (10) 
divided into a plurality of pixels each having a 
plurality of subpixels (130,140,150) of different 
phosphor efficacies; and a matrix of field emis- 
sion cathodes (80) directed towards correspond- 20 
ing pixels of the screen (10), each cathode (80) 
having a plurality of arrays (81,82,83) of field 
emissive tips directed towards corresponding 
subpixels (130,140,150); 

characterised in that the arrays (81,82,83) of 25 
each cathode (80) comprise different densities of 
field emission tips to compensate for the differ- 
ences in the phosphor efficacies of the corre- 
sponding subpixels (130,140,150). 

30 

2. A display as claimed in daim 1, wherein each 
cathode (80) comprises a base conductor (30) 
connected to the field emission tips of the cath- 
ode (80) and a plurality of gate conductors 
(90,100,110) each surrounding a different one of 35 
the arrays (81 ,82,83) of field emission tips of the 
cathode (80). 

3. A display as claimed in claim 1, wherein each 
cathode comprises a gate conductor surrounding 40 
the field emission tips of the cathode and a plur- 
ality of base conductors each connected to the 
field emission tips of a different one of the arrays 

of the cathode. 
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